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n ' # ^ #j jhf it e tb & 4§ to 6t m & 4@ ^ m # # m & > it 

*•] ffl - it Jf to ^ a ^ # - 5€ it m % ' a #. * t£ % it m 

sfe # # m sfe ^ 4s # it it n « ^ # ** & # *& m m to *~ #i 

tuft ° 
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4 21TL 5fe #J Jf- to 
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A - : Circuit For Tracking Error Signal Detection on An 

Optical Storage Medium) 



4 8€ fB- 5b&n ^ ft 

5 2m jfe ^ #J # 7t 

5 3£§. it to 

6 1* # tb ft J£ 7G 
6 2i|| H tb ^F- 70 
El^ - & j& «l Sfe 

E2f ^ ^ ^ m t 

E3JjC =. ^ /£ sTL ft 

1 1 H - t ^ ^ m t 
s 1 1% ^t&^^tat 
si 3jj? n & ^ & m M, 

S 1 3 if tfl 3fe 

Al \% - bb tfL «; 

Bill ^ tb t m t 
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.St 



a £j : ^ 



i - ^trnttw (i) 

# «93 # IS afr - 3* m ft # <* *J & ^ # 2r * - 41 m - 

[ & ft # ] 

# ^ m m & -l ' ^ m % 6137755^ ( ^ m & m ■ 

Deriving a tracking error signal from a time 
difference between detector signals) i% ±ts — 3f 11 

f8-^L#^«^tnft > itiioifit^^ti ° t: j& m *> r ^ 

lfflj #f 7F ' — Ip — ^ ITt ft ( summing signal) F 1 lfe 

t: 1 5. — tfi at -fea t'l ^f- to ( s 1 i c e r) 1 2^ it ^ ' #r 

*& |sj Bf & # — f; pjl 1 35. # 34 ' aiiilf^tl^ 
f-J i£ to o tTL ft -fefl #] J£ to 12^t iii Ifl t Sl,t 4 - bb 
to ( EXOR) 14^|-^a«|^a > £-4&djmftA#M& — 
&^l&15&«3:16m&J&#'fg.ii.afc&gll.3£&. ' # ^ * t 
fi 17tA^-l^^^i 1 8^ I ^ a ^ ' M. % -tin X m 18^ 
$m * ft $m A 1ft ft i% $i 1% ^ Ifl ft TE( Tracking 
Error) • J£j@.dj1i;iB.193&&5.Jt:S&;fc;*.g 1 8^ I t A 

jg - # _r- ^ m ft F 2isj #. s& # _l itt ^ # ^ ^ yt ft > # gp 

t |i 21^ tfl ft -fej #J Jf to 2 2 ^ € m 2 3 - it ft tb £ it 2 4 ^ "t 
IB. 2 5& ^ 2 Sft &l j& 4l 4& ii. jfc & g > a A t Pi 27' ffij ^ 
I I I t A I 1 8^ JL & 7v ° £. % 1#L A 1 1 JL *fr Tv *£ I'J 
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3L - (2) 

tb 1st tg 2 4^ Jjl — $t ^ 0 

£ 6 1 3 7 7 5 5* * m tiL ft a ^ - ^ * tR ft DU # J| 
at tfl ft S 1 da %l # 4a 4fc ^ M: ( phase error) ^ ^ t ^ ^ * 

# - in pg m > *?p^^#jtb^i§mftsi daf t >£ * * $ 

* #} tft ft ( M «. £ 3T) > * 7F * K r % 2ffl j m ' t 
^ittnftSld^-^iv^^ivA ' m ft # j« ♦ * TA M ' 54 it 
m ft Sld# |£ B PR. Tp< Sid <3T-Tp° 

^itmftSld/JT^^it^^mt&J^^A^^? ' a ^ ^ 
A^mft ' ^ ffl # 4a 4fc £ ( phase difference) m 

ft Bk m % £L % ' & it iti %l *l T ' * 4a -fit tb *t € «t & & 

& » ^f^m^^tHft^iti^ 3 T - T P ' »T 4§ #L bb H IS 

^£#jfla#r5t^^3T-2Tp° -tt^^^^^^tt^it^i 
ff- Sfc. tR ft #■ fr £ B ^ ' it tR. ft « # St fll # 4 S 0 

_L #r i£ > ^ 6 1 3 7 7 5 5ft 4'J /%? & & # 3" * # Sfc it 

tsri ' HJM£ffl£t#j£^~mft^^it^3*-£mft#j 
m fa M M- ' « ft f i 5£ € i 7 t I I $ 'h ° 
[ # ft ^ ] 

.1 ^ « i ^ f.u ' 4- # B £ #j i. § #j ^ afr ^ ^ - ^ ^ 
^M#^^^#*Lmft-^r^^ ^'J t .as- ' i ^ t H ft ^ i m 

ft * & ° 

@ itb ' & it _t ife @ m ' ^#B^^f^^4L^c,^^#^« 

^ # #i m ft m J: & m f ^ ^ $ - f ^ ' -ft *l # - % - 

tft ft J§- — ^^^^.mft^4a>f4j:^i — #t 1£ ^ HI ft ' eL 
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1_ - 

^&mit^£fc&~-3£--ic#L^;&mit^ - ^^^c^^^m 
a > JL#itit-£^^j&«.ffc$frili-£^&te^j&iR.Sfe > ^ 
t * ^ & & m 5fe # U tit t* J£ - ^ ;& tfi it #i t£ H — ^ & m & 
j. 4. ; - 3$. it Jp- > #, fetit^^^-tt-fit^^tfisfe^^.-^ 
I tt ; & it it ^ tb #& tl ' « wtbtt^imt^t 
Il-itte^&mitit3lr#~ic-tb3&mit * « a. tb 1st t£ ^ 
it m it a a m % — it to ^ ic m «; it it is - £ — tb & m s& ; 
a & - M 4fc A H > * tit tfc ^ - tb & tfi it * it % — tb m m 
t « ^ i till t t m t ° 

*&- ^ # — it in ' #> «. tit — # — tn sfe - - $ — m it - - # 

=- SR. Sfe a Jt — $ 19 IfL t 4:^ ^4 II i ^ #l t£ ;ii ITl It ' & & 
# 31 it ifc Hl 4b ^F- > ffl a 3f ££ % - m 5fe * t£ £ ~ SR. 3fe - 
t£ £ iL HI fife - ££ JH eg lift It #] It {fc A - £ - it 1ft Sfe > — 

% — it 4& m s& - - # =. it to m it . j-x -s. - % eg it to m it > it 
^^t-^-^^tfiit^ri!-^-*c^L^^mit * — % — & 
^mtltili-l^t^f^m't ' a t t$ - ^ i tft t 

tit t£ & =. m it & t£ J£ e? m fife £ £. ; ^ it m & it to > # 
J5'Jtetitt*£-*lto^/fc-SR.«; - tfc£~*t4£^&*iafc££.— 

I - J€ € ^ f ^ £ — 3£ it tfl It ! 31 1@ it # tb Jp- 7t ' A3 

a^^jtb^Lit^ — ^i|mt^^^ - it to m it * t£ # — 

it m it M t& % it to tn it * m-^imfuAtlist^ • 
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5- <• %mttm (4) 

m it - m % — i£ i m t ^ n i © t ^ m t • it ^ #j ^ * % 

— tb m f£ ^ £ — tb m Sfe - - $ = bb t m t ^ - J£ tb 

~ tb & m afc > $ =. tb m m - n^fflfcbttt^tiiiti 
#i ^ it m sfe « 

as- 4l x - 5f m m ' # — 3fc — m St * - * - ^ - % 

=. HI Sfe « iL — jfratfLffe^^B-fiL^J:^. — #l ^ it fll 3fe ' & # 

* -fa *t -fst ^b ^ to ' ffl a f t| - m t > t£ % — tn & * 
m % =. tfi S& ^ tfc ^ ra tn ?fe ^ & dj & - H - to m ft * - 
% ^ t & m t » - $ = t & m t a i - $ ra It t m t > it 
ftt-^^tttifi - tt^int > a t t ^ tfi t 
#. 4fc ^ £ — tn 3fe - tfc £ ■ j=- m * > tl = mt^f|wmt 
j. £ ; - i§ j^. it ' m^t^itto^^m^t^^L-- '^iim 
& ; ^*L^itHtb*3t-^7t ' m & »i tb tg %l j§ m % & 

H - it <fc m 5fe - t^iHf#t$^l:ii1llt - i& 5* it m 

t^ll = tfttl - tie 5€ it -in ffi, n *& $ to m 5fe ' it 

#j 4 * — tb *t m ^ I - tb 1 1 t - — % =. tb m 

3fc * - g iz3 tb m sfe ; a a — it % at A n ' * & t£ £ - tb 

tit > it f - tb t m t * is £ ^ tb m. m & * t£ % tb *t 
m & a tb #i m n tn ft ° 

^#ffl#r,!&fl3*_jfcj£&#,t ' * f t| ^ ^ * ^ »j n 

(Photo Detector- PD) »T ^ & A * O bva 1® & ° t 

# If ^t- ^ ^ £5 ' *43USJ:S^A' H. 3^ 
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i - &WtfLW (5) 

AH £ * B«f 4 ^ I'J #J tR. * #J 4a 44 & ' T #»] iff Hi it # 44 
i. • f * f I ^ A# I I $1 f >] # m Sfe it 44 4b & ' it * 

I ^ I ^ B#r $ iR! f J # m 3fe >fr & # it 44 4b $l - 411 3£ 
lit ( ^ it af ffi $ Td) ' *«] m it -fsi m Sfc & H ^ AH @. B 

m & »j I'j # it 44 4b m St # 4a 44 bb is ' m # # m %t & & 

, m. ?t jft. 1 & ' * #i « £ 5fe 6t o° D f & * £ Td*£ it ffl 

^. * ^ f t #f 4t - tb *t • <l£ j-xi^f 

4^ # a £ m « * #J 3" * ' W ft 'fS ^ it 4f tfc 4& 49 44 #j il bb 
m 5fe 4a *o ' # it 44 4b 4L #L ' 5€ it « # m 4® tfL Jfe 4a 44 

L ' ^FPp^ffl^itm^^^c^^^.4|-^4iltfl^;^49 4iL^. ° 
r 4±- it it & ' # # IK 5fe -fr bb II ' ii^^^il^^l: 
44 m ifc Bf m 43L ffl #J Sfe # -t M ' ^^fflit^mm^-t&^tfc 
* 4a 44 & 1 8 0£ & & 1 8 0£. #j <|f ^ % £ ' & ffij i£ 4f If 
ZL & $k i% tfj ' ^ H 613775 5»*^Jtf«t«i«*ttt 
£. • t ffl ^ f a^Jr # t ^ ^ * ' f ^ 11 & bb 1ft Sfe 49 *o # 

it 44 ib ' st^ra&i-its^^'' *$l.®#^Tp/2<^itm 

Sfe <3T-Tp/2> 5£ it 60 jf£ SI «r « — fa Tp= ^^49 ^ 

€mf T ' # a ^ #f ^ JT W ^- * 4l 1f Sfe ^ & £ & ^ IS & 
6 1 3 7 7 5 5t I- 4'J t ^11 f ^ ^ * ^ ^ •X^H«|S*t- 
fe$ki}i#)%Lfa.Bkft?%8L & 3T-Tp> itb flft ^ % £_ & *L ^ ffl ^ 



4 
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s. - %mnm (6) 

6 1 3 7 7 5 m 4- M $ ' « IS. ' €*8--&fcfc&^#£'ft ° * 

m m it s * >J # 4bl # ' ^ a«j #l m & ♦ & f»j 3* it # % % - 

#L*^«-^^T«3tfii|^^- ' * 3£ it 6*1 l& m % Tp / 2 <5£ it 
< 3 T - T p / 2 ' J. 2* it M 'b & *f ' * it & T p / 2af > 4a 4£ tb 
H3t£ 11^ 3T-Tp > *b jft * & & tb £ S f 

6 1 3 7 7 5 5^ * *'J t * ' mtmib%LnmlL'$Lfa ° Ja. 5£ 
6tf i£ i'J ft # fcb 4St ffi ^ ' # f *t £ * ^ A Tp/25p ' * 

^ 4- it 3 m % if ' st it i»j ^ m tfe m $ #i $fc & • 

^ .t- m i& ' 4^ % W ft n % tfj 2r & ' A % T 6t * » ' 
l-Jt^^iimf^rafffl^riffi • £ — ' ffi 4b 5* it & f'J 

# & . £ j= > ^ iMa t tb t S ^ I ^ ^ « I ° £ eg > ^ 

ttit a ^HlI^^ * ' a iff 54 it #J II IS $ A ' 
tfllitiitf^^^^fe^ttTlf ' ii ffi 4b j£ it #j «e 

t-j o a ,tb > ^ jfe ^ t & # & it # t # & & #i tt ^ it & * $ # 
■it >tl t ' # fj $& ^ # ^ #i m sfe ° 

* m *■ B £ w # & ' ^ i& i ^ # ft 1 1 «fe m 

w fa ft m T ° 

I 1t * £ ] 

^ f i ^ 1 ffl ^ ^ 4 I ^ t ' & # t* tl # & ssi n 

( Photo Detector' PD) °T ^ £ @. ^ A - tftiis,B> i C> 
H. jaS, Dg3 ^ ' a i ^ il # ^ ' ^ #J ^ -fea -il i^j 
( tangential) J-X ^. & ft ^ ^ ( radial) > *o r ^ 311 j 
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i - (7) ^ 

& m #J m It SA- SB > SCa ^ SD^T > E 

jit ' & A# B#? & & £>] # # - tfl It SA& H — tfl It SB#] #l 
£ > «T « if #i it # -CSt i. ° f^fi^A#iiiB^|-fL 
It SA^ g — m It SB*: to 4b & • ii^mtb^^^tfl It SA + SB 
-&&to4t&Jf*.-4i3£.itf: ( T d) # - 3£ it Ifl It ' *'J m it 

1@ i€ it m 1 1 | - m'it saj^ ^ — m it sb#j & to tb m. £ • 
m # # tn it M ill 4& ii & & n ' m it #j f ^ 

& Td££ it of -i: m. ° 

& ft! i§ m & *J & # * *3 to ( ^ fig ) #j 4H & Ja. g- 41 > t t 
# it % $L it A i£ tf) Bf ^ ( X> 0) ' % - m It S A#} *i to bb H 

— m it sb#j #i to 4i & ' ^ =. tfi it sc#] *i to bb $ E3 m it sd# 
4g to 4i ^ > t f 4t & 4H #t it * it #j ^ ( x < 0) • % — m 
it sb# 4§ to bb g - m it SA# }g to 4i ^ > $ © m it sd^j ^ to 

bb £ =. m It S C#j *3 to 41 & > SifcfKffl D T D 2 : T E = [ 0 
(A+C)]-[0 (B+D)]« a ffl DTD4: TE=[0 (A)-0 (B)] + [</> 

(C)-0 (D)]ilUJIit It ° 

s&n % f % 4fflj • fjffl DTD 2 : TE=[0 (A + C)]-[0 
(B + D)]^^-^^#*it^^mit T E ' % - ^ ^ m It El 
(=SA + SC' ^^-m^SA^-^^tfLltSC^^) M * i: ^ 

- i: pjl 3 3 j. # ifc ^ ' «iii|f&!iti^ij^^"ifit 




s. » %tw-m.m (8) 

#J J£ to 3 2 - f; S 3 1& € IB- 3 2fe. /£ - & 4fc -ft # "tg • ffi « iff 
- & & m 3fe E lit & 4b • « T ^ t ffl ^ tR t |j f 7t * € 
t; pa ^ ffl it & & * #J 4§ 13 ' ^ # ft t ^ ° 
m It; -fe? #J ^- it 3 24L#r$fr{fc4L#-*L4fc^&tfl3fe S 1 Ui. 

& - % & tb «t it ( exor) 3 4^^-^r^v^#r^ > & m & 

4l % - tb tfl ft Al# * - * € Pa 3 51% t ^ 3 6#r & & #j -4& 
it ;I )i I 4 S t • #11 * t Pi 37t Al. I t, t A i 3 9^ 

J: sfL Mi TE ( Tracking Error) ° #l £ tfL 5fe T E# & * € Pa 

3 83E^5-^m^AH 3 9^ I • ^^^^m?£E2 

( = SB + SD • ^ | r-tat SB& fffltt SD^ ^ ) fsj #l ^ iii 

l% _l ii 4a * f m z~ it # ' # &p & 5& f: S- 4 1 - m m ^ m ft 

42^ tPJ-4 3^^r*-^ — tt^^^mi£S12> m % It ^ $- 
it £. tb # it 4 444 #r * - 3£ — bt *Jt m 3fc B 1 • * 41 It * € Pi. 

4 5*f;^4 6/^fcL&4L>f6 l ii.&&.g * u 5. t pi 77- ft ffr ^ J. 
Ife A A S 3 9-^JL^Tvi^ ° ^ ft? ^ H 3 94l jE ^ «fe I'J M 
4£ # - pg. 4 8 J. # 34 - 

& + ' n # * vfa n 5 m £ - ^ & tfi afe e i& £ - ^ 

imt E2^H - J-xf^'J - | = ^imf E3- E 3= E 1 + E 2 • 
# & * m • Sfe -fez #J W- yt 5 2&.*frife-£=-ifcto-&-/&m3fcS13<' 

* # f $ = t & ^ i m t S13t A JL - % i| Jf to 53« 
S 1 3 d > J£ #J & 5. it # tb lie # it 3 4a ^ 

fcb III- ^ 44^ $ - ^ - & t ' ^^^ib^I-i^ 



1 



^ I Ifl t i # I £ t ^ m t SI 3^S II ' & & to 
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s. * wnam (9) 

& m ft & ftg ° 5* it m ft S 1 3 dm & it bb |£ # it 3 4 * 4 4^^ 
-&&*R.ftAl&£ — tb&*R.ftBlBpT#*° S 1 ID* S 1 2#j 4§ #l 

& ' S -I ^ t ffl fcb t t t -I ,f i 

a* # tfi ft * isi ^ ± ' ® ikb m J. ± ^ -ft ft # $& & sl & Hr a n 

6 1 3 7 7 5 5^ * M t ff\ ft & ft -ft & % % ° x 4s to bb #1 H & * 

3T-T P ' jtbE^^^-tlL^^Ii^ 6137755 
ft * #1 $ ' * ^ *t ' ^ i-x f ^ 4 tb t I: I f ^ - H ^ # 
4SL ' ^^til^mt^ftili^iifif ' B'J e& ^ * 
51 it 4£ #'J # # ' ^ B'J s£ #i m ft -f £ I'J 54 it # & if ' 
r % 51 j #r tf • & 5£i§tt|i 1 E&Tp/2<3ii£<3T-Tp/2' J- 
51 i§ ^ * ^ *f- > # 51. it 4; Tp/ 2Bf > & & 3!j H % t - #1 
tt**&J&4U&£. & 3 T - T p ' itbJ&-flr£,£fcb&Bl£ 6 1 3 7 7 5 5ft 
I t ^ S ° J- 54 it # & f -J £ # bb *£. ffi * f f 4 t A i 
^ A ^ Tp/2?p -T ^ ffi # >& 3Ti# # if > tt m i* i»J Pf- 4& tfl ft 
^ # #j St * ° 

Oaf 4a to Ml ' I - m t Eb J£ ~ ^ /fc tfl ft E 2H $ 

m t e 3Jb & ^ jl ^ m ft & ^ ' * #i # ^ %t *l m 

h *» S 1 1 - S 1 2A S 1 3#f tf ' $JL:i£te^&1fftftmftS13Mi& 

54i£^7t#.^>iL^^51itm^S13d^T^ ' * 54 it 4L ^ & 

T d ' ^-^icmf£El^-^^^ittfL!^E2^4a^^^A > isj 
t^l't^^imt S 1 AM- % *t fa & & ift ft SI 26^ 4s to 
£ ' ^-bb^mftAl^^-^c-fiL^^tflftSll^-^ittfl ft 
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i - &wttm (io) 

S13dM i& EXORit * & ffij # • so US — fcb lit m ft B1& % — & #l 

^ j& 1ft St SI 2^ 54 € m ft SI 3dm i& EXORii % %L ^ # ° S 

Jfc > ^ x > Oaf ' m I Abl t t Bit IMi I A I- ^ - £ t f ' 

^^^l^t&^^mt sii^H—^Lte^&fftft s 1 2^ 4s 

-iit H: 4@ PO 0 X<0Bf ^ 4B #L £ r % 7ffl j m ' # - ^ ;& 1ft 

ft El#. 41 £ — ^ j& 1ft ft E2 > S itb ' ^ x<0flf > J£ - fcb 

ft Abi$^ tb *t m ft b i^ 4i J: a % & - $ m. m ' ^ 

H-^-ifcte^&lftft Sll&l-tji^^flt S 1 2^ 4a 4fc J: 

&%~itfow*®#iJk ' #^ ^ ^ it tfi ft s i 3 % ^ ^ 

( HIGH) # # - i^fcb^^-*L^^^tFLmSll^^^- 

t^^^mt si2» $ - fcb #3t m ft a i m 4'j ffl m m- fcb ^ it 

6 1«| - & -fit ^ j& m ft Sll^^ilt SI 3d^ ANDiE £ # 
& > g ^ tb 1ft St B 1 ffl it # fcb lit tc, 6 2ifr % — *c to 

^iillt S 1 2# 3£ it 1ft ft S 1 3 d# ANDi£ % # * > 4£ m AND^ 
^il^tbl^^-TL^ I #J & # 4'J ffl J€ € m t S13d^^£ Sll 
# S 1 2^ ^ # fcb lit tfj m M ' # S 1 3 d^, H i gha^ > i| * All^ 
B 1 1 ■ $L Hk M. tb $L A H 3 9fcb lit • i t fcb t AHA Bll - # 

it iS ^ ^ H £ $1 ^ J: 1ft ft ° 

r I 91 j I; r £ 8® j m ^ t *&- ^ # ^ > x> 

Oaf 4l 4§ to ^ . f - ^ tfl E 1 > E2^|£ 

& 1ft 3fc E 3^; ^ til JL & & 1ft ft >^ ^ ' * #1 ^ ^ jfe ^ 

^ io S 1 1 ^ S 1 2Bl S 1 3^/f ' ^=.*t^iL^j^tR.ftS13^5&^it 
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] 



s. > &wnm (ii) 

^7t&.4L&*#:fr*fl i afcS13d#f7F ' * 5€ it RJ £ T d ' 




^ & in E 1H $ — & & tfl ft E2^j 4l to M. % A • ft %l % tfl Sfe 

5 1 1# m ft S 1 2#j 41 to H: ' J£ - tb m ft A 1 14, |? ^ to 

6 tfi -afe s 1 i& i§ tn * s 1 3 das. ANDiS % ffij # > ^ % ^ tb 

$t tfl ft Bl^, ifcto^j&tflft S12& 3£ it t& ft SI 3 d*& i& AND 

it * flo # ° 0 itb ' ^ x> OBf > $ ^ tb tlfl t Aim | ^ fcb 
& m ft B 1 1^ 4s to J: A % £ — SL J2k m ' ft % - $k to & & 
tfl ft S 1 1$l % & to j& tfl ft S 1 41 to £ A 4i I?] ° x < OB^ 4L 
4l to je r H 1 Offl j m ' £-^j&fR.ftEU&3i&#~-&- 
^ m t E2> 0 ifc ' ^ x<0Bf • £ — tb Jfe. tfl ft Al « H — tb Ise. 

tfi ft b 1 1^ 4s to M. a # & - n m m • ^^^^-^tto^^m 

ft S 1 £ — *t to ^ j& tfl fit, S 1 2^ 4i to J: 4a is) » 

$ tf #- ^ r £ 1 111 j ' % *- # a £ #r 45 & ^ ^ * *I ffl 
DTD4: TE=[0 (A)-0 ( B ) ] + [ </> (C)-</> ( D ) ]4l ^ * ^ # #i t£ £ ift 
Mi TE > $ - tfl ft S AM * € ^ 7 lift J. - m ft i77 #J ^- to 7 2^ 
' tA^15]a|Mtt'ffl7 3£t*^ ' J-X 1 4 il 
f ^ t f I'J $ ° tfl ft fe] IJ I- ^ 72^'^ A | - tt to tfl ft 
SA1*£ &-itf^tb|£#7t ( AND) 74^ I - ^ A > & 

It £ ^ - tb & tfl * A 2# M * — * t pa. 7 5# € S 7 6^t ^ jfc 
^ -fS. ii. ^ jfe H >fe 3£ # > #,f * f & 77^A£-Itit Ai 
7 je *t 7v ^ • iliitl 7 8^ JL ^ 7v ^ I'J ^ # — € IS- 
7 9^ ^ ±fc 4SS » IliA i 18*-%tBii&ffT#iBi*LtfL&*r2bfr 
^ I tfl. t TE ( Tracking Error) » *l ^ 1 m t TE# ,t * f 

pa 8 om 4t ^ m Hi m 1 8^ % m ^ *& ° ^ — m ft sbi^ # m. 
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3L - ^rWtSLW (12) 

i§^_Li^^i^^4L7t# - ^ Bp ^ iS t f 8 b m fife "fe77 #J # 7L 
8 2- f: IS. 8 3& & A % — it >fiL ift St SB 1 > ^^^TTv^it^tb 

8 W ft. /& 4& it $ & H - « A t PJ- 8 7 ' if* ^ JL J: $fr at 

* t ' n & % fa & n 8 8t m t sah. m fife sb^ & . a 

# I'] - $ - mf SAB- S A B= S A + S B • # & * m fife -fca #J 

7t 8944 f SABb # ^ • # m % - 

t & ^ m t SABlt a i. - f ^ it 9 Oa 3l - $ - ^ it 
t I S A B 1 d ' 3£ ^ #J ^ a. 5. i§ # bb m. 7t 7 4a A it ^ bb 
it, 8 4^f^^r^vi^ ° 

m fife SCM * t ig. 9.l*fr b. - m fife ^ #j ft 9 2^ #r 
jsfe . & ^ & m ^ fa & % % m. & ' j-x i i i| f §d 

f I U ^ & o m!fe-feJ#J^-7C,9 2^L^iS^=.*L>flLiR.fifeSCl 
M*-^^bb^^it ( AND)' 9 4^^-^Tv^|^7v . ^ ^ 
A ^ % ^ bb m fife C 2# ^ * — & t PR 9 5^ % 9 6#f &l j& #j 
4&ii.afc&g&3i:& ' #&4tia97^Al.-ifeA^IS 7 8 
^ I A 4 o $ ra td fife SD1§) & i& & _L i£ 41 *j" J£ ^ 7G # ' 

^ ep ^ i§ t & ioi- m fife i77 $ »j 7t i o 2 - t; pj. i o 3tk & $ 

W it to fft fife S D 1 ' ^f^A£l^tbt^it 104t^lii - ^ 

w tb ife tfi fife d 2 > £ & m. & € p-s- i o sn- € i o m & & ^ 4& it 

>t & H - a ^ f pi 1 0 7 • ffij ^ JL £ % 2fc A H 7 8^ H <MT ^ 

-nrrp 

* t ' Jt & & # ^ ^ f| 1 0 8*1* £ =- SR. fife SC& £ EJ SR. fife 




i*fMBtt,93 (13) ^ 
SD^w & • a # - % — ^ & m & SCD > SCD= SC + SD » # «. ™ 

* 1ft St #J f iF A - % =- *t to ^ & tfl ft SCD1 • & * ' 

Sfe S C D 1 d ' it M ^ S. it & it %l tl 94a ^ f H tt t I- 
7G 1 0 4^l H «t Tv - 

£ & A H 7 8^ JL ^ 7v 4l * £ - 1ft 3fe SAH % =. 
1ft fit S C ' |fA^^|.i^|^lfltSB^|0mtSD« El 
itb > m^il^^^^lft^ TEBp *o s£ DTD4t #t * ^ ° 

* & ' it #- # r $ i m j ' & 4- % m m m % *~ 2r & *<j 

ffi DTD 4 : TE=[0 (A)-0 ( B ) ] + [ 0 (C)-0 ( D ) ]4l ^ * Jfc. # 3k t£ & 
1ft ft TE^ £ — ft t& #J ' ^ 1f «fe #J ^ ^ ^ -fc ^ 54 it 1ft 

ft 4l # 3r £ ^ |§J ° i f t 1^1 t ' tMt SA> S B - S C 

a r. s d— m m * - fa & n 1 1 1^ -ti t ^ # - ^ ^ m t s t • 

#ii|tt^lJ|-7t 1 1 2|& Hi - $k fa & & 1ft ft S T 1 ' # * 3£ 
it Jf- it 1 1 3^ # 5£ 3§ 1ft ft S T 1 d^Jt ' # m it m. it 1ft ft S T 1 d^r 
7v^it^-tb*5L^-7t74^ 84^ 94^ 10 4t ° 

_L m i& ' ^&Wffr%iM-#}5->£; ' I- t « T ^ f S ' 

^ - > if fa & it m ft a & m & $t m > f — - ffi 4b m it & 

t'J #J tik #>J ' =- Pf- 4& * tt t s t f ^ i I ° £ w > ^ 

^ ^ # ^ j-x t ^ 1 1 1 ^ m m M- _l > * 4 i # 

ffl KPltit^ ' ^ H ^ f # & # * > ^ * %L & # B £ 
# # ^ J£ If . # ^- ^ # t^P ^ £ ^ # ?S # ' @ jfc * B £ 

^ # ^ n. $i m m ^ m t m m z-^n&M$L®mfrz. 
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i » &wm,w (14) 
4r * * • 
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% 3ffl ' # & & & «I i ^ ^ t 1 ; 

# 5H ' t ^ i f ^ f 1 1 * t l ; 

£ 6ffl ' # ffl DTD 2^r & b^ > # x > Ob^ 4i tfl 3fe sf- # ffl ; 

£ 7ffi ' % h M DTD2^r & . # x < Oaf 4i tft ffe ^ ffl ; 
& 851 • # & # 4i 3* # #i t£ £ tfl 3fc 4i j£ ~ 45. 1t «fe 

% m ' # % % — &L t 3& #J ffl DTD 23" & Bf . <t x>0Bf 4i 
tfl «; Bf ^ n ; 

# 1 01 > & & £ — ^ 5f «fe $L ffl DTD2^ ^ b^ , # x<0Bf 
4l tfl 3fc b^ ^ H ; 

H 11H • (H^fB|4:^#|iifiiRt^^|zttt^ 
#J 4i t ^ ^ & ffl ' -fiMit ffl DTD4^r ^ ; m ^ 

£ 12® ' # 4; ^ # a ^ 41 %L # #L Ml m 3fe 41 41 # EJ 4fe * 

t I ^ ^ * 1 ' m DTD 4^ • 

[ n ^ # sfe t& ] 

1 1 €. 

12 m sfe #j Jf it 

13 € PJ- 

14 i§ # bb J* it 

15 i: m. 
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i| H tb |l I- 7L 
€ IS- 

€ is. 

m ft t/j m %~ to 

€ Jff tb k ^ 7G 
IB. 



% 1L A H 

HI ft i77 $>] 3^ 70 



4 3 t: is. 

44 & & fcb & it 

4 5 f: PJ- 

46 t ^ 

4 7 t & 

4 8 € PJ- 

5 1 ^ ^ H 

5 2 IfL ffe i77 m ^ it 

5 3 5£ it Jf- it 

61 i§ # tb Jf- it 

6 2 ill If- tb it 

7 1 € ^ 

7 2 m ^ i77 #J ft 

7 3 f; ia 

7 4 ill # tb Jf it 

7 5 € 

76 % % 

7 7 ' " ' % PJL 

7 8 I I i I 

7 9 %n- 

8 0 t; pjl 

9 1 % M- 

9 2- sft f£ -fcj f'J it 

9 3 € PJ- 
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scd % — & & m * 

scdi £ ~ it & tn 

SCDld I ^ 14 f m t 

st ^ i m 5#u 

sti it to ^ & m 

STld 5i iltt 



SBj it # ftl & * ^ # £L M 2- & 

j*t • alittl^ ^tt ' It & m *fe ii #, $L 

it t£ ;t #i t% ^ in it ' & ^ ■ 

& It ^ it to 4t it ' fflat^^-^^mife - tfc £ 

^ & & m fa ^ & & % - it & & & m fau - - % — It to ^ 

& hi afe ' it te. # — ^x^^m^^rib — £ =. it ^ & m 

^ & IK It M. >k ; 

- i£ 'it Jf- it ' #*S.#t££:=it4iL^;&tfl3£,££. — 3£ 

il it ; a >sl 

& it ^@ iS # tb m. it ' fflatb*tt£J4i§-SR.§fe^tSjp 
— %LtiL&j&mfa3t%fc& — W> — it ^W. fa - J-X I tb t t 5£ 

it m it a jsl n % =- it ^ j& m at it tts - i ^ tb t m 

It ' a tit tfc £ - bb f ft It & tfc J£ — tb $L ffl t W t !fc tfc 
# ^ tR t f I ° 

^ I # iPl f ' £tt£itto4t^itjt&^'#;fllt#l5L 3S. 

4$ ^ € - & & 1® % m. & n & m n> fa -to $>} 7t > a & ^ 

It to ^ it, t ft It & ^ it to ^ j£ t ft It » 

3 . & f if jf. n, si n l^^ti|^^*^#^I^f*Lm It 
« £ ^ m % ' * t t£ «. It #1 it tb ^ it #, £ - EXOR 
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& £ & m * ' * t & it 49 it # tb a 7t # £ - AND 
5 . - f ;t f ^ # i| H ^ t II tfl t m 1 ;I'J f s§- f II tfl t ^ 

£ # m t: > a titfi** ®\ ^ 7t 

# & * ^ >5 ,51 M & £ ' aJ.±^L*L^a^^l4LtR l «; ' 

t£ ^ #t 4® m ii # *g. tit J. ± - % - ^ /& m ft ^- - g — ^ 
i m t ^ f - « *)i m t ^ lUi ^ im t > £ # $t 

f'l—^ittai' I ^ ^ ^ fi t t- a ^ # 

- H 3. ^ ;£ 1ft ft & . ii #<l # It ^ ^ ^ j£ 1ft ft *t to 4b 

# ^ tit #. H * ^ *t ; 4@ & & J»I iF 7t M^^^^^^Tfe 

f Imt ' t£ ?i it -in tft ft & # — f — ti - — $ ~ -tn 
ft - — IP s m ft a -SL - H tft ft ' & ^ # : 

ft - t£ Jf» "Hi ft - t£ J£ eg m ft ^ #J is ^ - H - it fa m 

ft ^ — $ — & tn ft - — Jjl it fa ift ft a 3l — # eg $. t fa 

tft ft > sk tit - £ - it tfi ft *m is - ^ — it to ^ tfi 

ft - - £ — ^ & ift ft It a - # ~ *c fa & & tfi ft > ^ tn 



Iliilii illliliill 
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I ^ ^ i m t # 1 1 n| = m t # t i w m t i i ; 
*t m ^ 3t jf to ' ^ X'j 1 1 1 I - t ^ ^ ^ m 




life ^ i^tt^lifitli-I--^i|il * I — 

?i & 41 it & tb $3l Jf- 7t ' ffl a ^ #J tb *t H | - 3* ig tft 

tfe ^ sl$-^i1flt^t$-S.|:'fii,t - HI — ^im 

Sfe ^- H | © & Hl m life ' it #J & it; I - tb m. tft 3fc * I — 

tb t m t * — % =. tb tft sfe - - I tb t m t ' & 

M - tb ^ H t * tfc I — tb 1st sft life - I = tb $i Ifl t - 

7>tilltJfti« 6as m it 4i & * « # « is ^ # #l m tfe 

f 1 f ^ • & * i% $t fa 4b ^ ^ ^ & & % & $£ 1® 5L tfi 

fa & € ^ f t I f & i f *t m «; t^7 #J it > ffl a $; 

^ 4- #] # h I - tfi .life - m % — m ife - x 1 1 si t i 

m t a ^ is t| - t m t * n $ - ^ ^ m t * HI 

=. tt ^ in sfe a 3l h % ej *c #l m • 

■Hx Ml m % %r ' ^ t t t t il i w tb t # it f ^ - AND 

3§ H ffl » 

# t$ ^ # # & it # & m %-7t4km®.&*&% bl m 4i & 

& ' j-x i 1 1 1 i@ ^ i^] ^ m t a ?i # - t t m t ^ l 
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